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Nanoparticles made of non-noble metals such as gallium have recently attracted 
significant attention due to promising applications in UV plasmonics.  To date, 
experiments have mostly focused on solid and liquid pure gallium particles immobilized 
on solid substrates. However, for many applications, colloidal liquid-metal nanoparticle 
solutions are vital. Here, we experimentally demonstrate strong UV plasmonic 
resonances of eutectic gallium-indium (EGaIn) liquid-metal alloy nanoparticles 
suspended in ethanol. We rationalise experimental results through a theoretical model 
based on Mie theory. Our results contribute to the understanding of UV plasmon 
resonances in colloidal liquid-metal EGaIn nanoparticle suspensions. They will also 
enable further research into emerging applications of UV plasmonics in biomedical 
imaging, sensing, stretchable electronics, photoacoustics, and electrochemistry. 
 
 
Gold and silver have dominated plasmonics in the past decade and remain highly 
relevant to the field.1 However, many other plasmonic materials exist, which have 
significant advantages in several emerging applications. Such plasmonic materials 
include aluminium,2 copper,3 platinum and palladium,4 as well as ferromagnetic metals 
and their alloys such as cobalt, nickel, iron and Permalloy.5 Aluminium for example, 
shows strong plasmon resonances from the visible to the ultraviolet (UV) spectral 
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region. It is abundant in nature, used industrially on a large scale and therefore 
inexpensive.2 Copper enables ultralow-loss plasmonic waveguides that can outperform 
their counterparts made of gold and is also compatible with both silicon photonics and 
silicon microelectronics.3 Platinum and palladium are essential for plasmonic optical 
gas sensing.6 The plasmonic properties of ferromagnetic metals can conveniently be 
controlled via external magnetic fields, which is the basis of the field of magneto-
plasmonics. 5 Furthermore, this allows combining plasmonics with magnonics and 
spintronics.7 
The interest in plasmonic metals other than gold and silver is also rooted in their ability 
to support plasmon resonances in the UV spectral range. Important examples are 
gallium,8–16 indium,9,10 tin,9,10 thallium,9,10 antimony14, lead,10 bismuth,14,17 magnesium,18 
and rhodium,10,19,20 as well as some of their alloys.21 Nanoparticles (NPs) made of these 
metals are promising candidates for several specific applications in biomedical 
imaging and sensing. For example, many biomolecules such as DNA strongly absorb 
light in the UV spectral range. Plasmon-enhanced UV spectroscopy may provide a 
means to observe dynamic biochemical processes and characterise the chemical 
properties of these molecules in situ. Moreover, UV-plasmonic NPs have been 
predicted to find applications in biomedicine as well as in label-free DNA and single 
molecule sensing22–25. In cardiovascular science, plasmonic NPs also play an important 
role in the imaging of atherosclerotic plaques and the study of their pathophysiology 
with light at different wavelengths including the UV spectral range.26–28  
Among UV-plasmonic NPs known today, those made of pure gallium have attracted 
particular attention8,9,12,13,16,25,29. Gallium is an environmentally stable liquid metal at 
near room temperature and it has been a key element in both electronic and 
optoelectronic devices since the 1960s.30 However, despite being well-understood, 
gallium as well as its alloys continue to be a topic of active research revealing new and 
unique properties of this material.31–34 Unlike gold and silver, gallium has a Drude-like 
dielectric permittivity function extending from the UV range through the visible and, 
mostly in the liquid state, into the infrared spectral region.13,21 Due to their high 
environmental stability and excellent mechanical properties gallium and its alloys are 
highly relevant for many emerging applications32–34 including reconfigurable UV-
plasmonic devices.35 The liquid nature of gallium alloys opens unique applications in 
reconfigurable and photoacoustic UV-plasmonics devices.35 
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The field of gallium-based UV plasmonics has thus far mostly focused on solid and 
liquid NPs fabricated on solid substrates. However, since the melting point of gallium 
is well below the normal human body temperature, understanding and engineering 
colloidal liquid gallium NPs is vital for biomedical applications.22–25 
In this paper, we experimentally and theoretically investigate eutectic gallium-indium 
(EGaIn, 75% Ga 25% In by weight, ~15.5°C melting point29) spherical NPs suspended 
in ethanol and demonstrate their strong UV plasmonic resonances. Our numerical 
model based on Mie theory also predicts UV plasmonic resonances and is in good 
qualitative agreement with experimental results. We also suggest that for some UV 
plasmonic applications it would be more advantageous to utilize EGaIn than pure 
gallium because of its superior mechanical, electrical and chemical properties as well 
as ease of nanofabrication. Indeed, EGaIn is more suitable for liquid-metal UV-
plasmonic applications because its melting point is well below room temperature, but 
the transition of pure gallium into the liquid state may require additional heating under 
ambient conditions. The liquid-meta EGaInl NP synthesis technique employed in this 
work is based on ultrasonication and is therefore simple and up-scalable. Moreover, 
EGaIn offers a low toxicity and has negligible vapour pressure and low viscosity,32,33 
which makes it essential for stretchable electronic and biomedical devices.34 Therefore, 
in combination with strong UV plasmonic properties, excellent non-optical properties 
of EGaIn open up opportunities to integrate UV plasmonics with electronics, 
photoacoustics and optomechanics,34 and electrochemistry36 at the nanoscale . 
 
Results and discussion 
EGaIn NPs were synthesized via ultrasonication. This technique is particularly 
advantageous for our optical analysis because it allows producing NPs with diameters 
of  about 25 nm to 200 nm, which have theoretically been predicted to support strong 
localized UV-plasmon resonances.10 Other fabrication techniques, such as microfluidic 
flow focusing,37 produce much larger EGaIn particles (diameters of ~50 μm) that 
cannot support any localized UV plasmon mode. Bottom-up methods that are often 
used to produce metal NPs are difficult to employ with gallium alloys due to its large 
oxidation potential.25  
EGaIn (200 mg) was added to absolute ethanol (10 mL) and sonicated using a probe 
sonicator (Qsonica, Q700) for 10 minutes at 20 W in a 20 mL vial to create EGaIn 
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particles. Larger particles precipitated for 2 hours and the supernatant was used for 
further experiments. The resulting particles were colloidally stable for several weeks 
before aggregates formed, leading to precipitation. The NP suspension was diluted 
(1:50 in ethanol) and drop cast onto a holey carbon TEM grid for particle size analysis 
and diluted 10 times in ethanol for optical analysis. 
Figure 1A shows a representative TEM image of the synthesized EGaIn NPs. Based on 
the analysis of 264 NPs, we find that the sample contains a broad distribution of NP 
sizes peaking at 110 nm (Figure 1B). We find more than 20 NPs in each bin (20 nm 
width) in the size range from 30 nm to 170 nm. A broad NP size distribution in our 
sample is due to stochastic nature of the sonication process. Finally, we determine (by 
using both TEM and ellipsometry) that all NPs have a gallium oxide shell (h) of ~3 nm 
thickness.21 Significantly, removing the shell would cause the NPs to coalesce and 
become unstable, which is highly undesirable.  
 
Figure 1. Nanoparticle size analysis. A: Representative transmission electron microscopy 
(TEM) image of EGaIn NPs on a holey carbon grid. B: Nanoparticle size distribution based 
on the TEM analysis of 264 NPs. 
 
We performed UV-visible absorption spectroscopy experiments of the EGaIn NPs 
suspended in ethanol to measure the optical absorption spectra of the NPs. The NP 
dispersion was placed in a UV quartz cuvette for extended UV transparency. 
Extinction and absorption spectra (Agilent Technologies, USA, Cary 7000)  were 
obtained using an integrating sphere for the NP dispersion and the solvent Figure 2A. 
Ethanol starts to absorb UV light below ~250 nm and strongly absorbs light below 205 
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nm, which is generally used as a lower cut-off wavelength for ethanol.38 The ethanol 
contribution to the spectrum was subtracted from the NP spectra (Figure 2B). 
Figure 2. Optical spectroscopy of EGaIn NPs dispersed in ethanol. A: Raw extinction and 
absorption spectra of the EGaIn NPs dispersed in ethanol, with pure ethanol absorption for 
reference. The solvent starts to strongly absorb below 205 nm as indicated by the vertical 
dashed black line. B: Extinction, absorption and scattering spectra of the EGaIn NPs only. 
The ethanol background was subtracted and the scattering spectrum was obtained by 
subtracting the absorption from the extinction spectrum. The inset shows the scattering 
spectrum only for a wider spectral range.  
The extinction and absorption spectra show two dominant peaks: one broad peak 
centered at ~ 275 nm and a second one at ~210 nm. Due to the close proximity of the 
latter peak to the cut-off wavelength of ethanol, both its absolute and relative 
amplitude and spectral position are potentially affected by the onset of strong ethanol 
absorption. By subtracting the absorption spectrum from the extinction spectrum, we 
find that the NPs also strongly scatter light in the region of the 210 nm peak, while the 
spectrum is clearly dominated by absorption above 220 nm. Another broad scattering 
peak is present in the visible centred at around 400 nm (see Figure 2B, inset). This 
confirms that, similar to liquid pure-gallium NPs,13 EGaIn NPs dispersed in ethanol 
also support plasmon resonances in the visible range.  
We used Mie theory39,40 to explain the physical origin of the resonance peaks in Figure 
2, and calculate the light scattering and absorption properties of single EGaIn NPs in 
ethanol. In general, Mie theory allows for the determination of the particles’ scattering 
(Csca) and absorption (Cabs) cross sections, as well as their extinction (Cext= Csca +Cabs) 
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cross sections.39,40 In the following, the light absorption is analysed in terms of a 
particle’s absorption efficiency defined as Qabs = Cabs/G,40 where G= πR2 is the 
geometrical cross-section of a sphere. Note that Qabs can have values greater than one, 
implying that the NP can absorb photons outside its geometrical cross-sectional area 
G.39,40  
We calculate these optical properties for liquid gallium NPs with diameters d of 50 nm, 
100 nm and 150 nm, all of which are present in the NP ensemble (Figure 1). We take 
into account the experimentally measured gallium oxide shell thickness (h = 3 nm, 
Figure 3A) and assume that the NPs are embedded in a constant dielectric material of 
refractive index nEtOH = 1.478, which is the refractive index of ethanol at 185 nm.41 
 
Figure 3. Theoretical results and comparison with experimental data. A: Geometry of the 
investigated EGaIn NP with diameter d, surrounded by a gallium oxide shell of thickness h = 
3 nm. The orientation of the E-field polarisation and the k-vector are also shown.  B: 
Normalized field intensity distribution I/I0 (=|E|2/|E0|2) in and around the NP upon 213 nm 
excitation. The distribution was also calculated for 275 nm excitation (not shown). C: Field 
intensity distribution as a function of radial distance from the NP centre along the x – axis. D: 
Comparison of the theoretical absorption spectrum of a 100 nm particle (red line) with the 
experimental absorption spectrum (blue line). E: Calculated absorption efficiency Qabs as a 
function of wavelength for 50 nm, 100 nm, 150 nm and 200 nm sized particles. 
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In the presence of the oxide layer, the optical properties of EGaIn and pure liquid 
gallium are similar.21,42  In the UV-visible spectral region, the dielectric permittivity 
function of pure liquid gallium can accurately be represented by a simple Drude-like 
model.13,21,42 Thus, as experimental data for the dielectric permittivity of EGaIn (εEGaIn) 
in the UV spectral region is not available, we employ the Drude model to extrapolate 
experimental values of εEGaIn obtained for the visible-to-NIR (400 nm to 1000 nm) 
spectral region.21 
Figure 3B shows the normalized field intensity distribution I/I0 (=|E|2/|E0|2) at a 
wavelength of 213 nm, where I and I0 denote the calculated and incident field, 
respectively. Here, a close to 15-fold field intensity enhancement is reached at the 
surface of the NP, while for 275 nm excitation this enhancement is only 4-fold (Figure 
3C). The radial field intensity cross-section in Figure 3C also shows that the field 
intensity is more strongly confined to the NP surface at 213 nm compared to 275 nm. 
From studies of conceptually similar elongated plasmonic NPs,43,44 it is known that a 
stronger field confinement in the near-field zone of the NP leads to a lower radiative 
broadening of the resonance peak detected in the far-field zone. Indeed, in good 
agreement with our experimental observations, the theoretical resonance peak at 
213 nm is significantly narrower than the peak at 275 nm (Figure 3D). Figure 3C also 
reveals that the dielectric properties of the thin oxide layer result in an additional 
obstacle for the enhanced field to penetrate the metal surface of the NP, which is a 
well-known effect demonstrated in systems with a technologically important artificial 
thin dielectric layer.45,46 
For a 100 nm particle, the experimentally observed and calculated absorption peak 
positions are in excellent quantitative agreement and located at 213 nm and 275 nm 
(Figure 3D). The peak at 213 nm shows a narrow spectral width of 9 nm (experiment) 
and 11 nm (theory). The broader peak at 275 nm has a linewidth of 92 nm 
(experiment) and 26 nm (theory). The number and intensity of resonance peaks in the 
spectral region between 150 nm and 250 nm varies for the investigated NP sizes in the 
size range of 50 nm - 200 nm (Figure 3E). While the calculated spectrum for a 50 nm 
particle shows only one pronounced peak below 200 nm (experimentally not accessible 
here), the spectrum of a 200 nm particle exhibits three far less pronounced peaks. 
Importantly, all particle sizes show a significant peak at 275 nm in agreement with 
experiments.  
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Conclusions 
We have investigated the UV plasmonic properties of eutectic gallium-indium (EGaIn) liquid-
metal NPs suspended in ethanol and calculated the particles’ optical properties using Mie 
theory. We experimentally demonstrate that the NPs exhibit UV plasmonic resonances. In 
agreement with our theoretical model for a 100 nm particle, we show that the two main 
resonances are located at 213 nm and 275 nm. These UV plasmonic properties of liquid-metal 
NPs are of significant interest due to their potential applications in biomedical imaging, 
sensing and medicine. The results presented in this work also further contribute to the concept 
of reconfigurable liquid-metal plasmonics,35 where plasmon resonances of liquid-metal NPs 
can be tuned by deforming the shape of the NP using, for example, ultrasound. In this case, 
the NPs must be in solution to enable an efficient propagation of ultrasound from the source 
to the NPs. Importantly, although the plasmonic properties of liquid-metal NPs made of pure 
gallium are similar,25 the lower melting point of EGaIn (~15.5 °C) compared to pure Ga (~30 
°C) for example make it more suitable for applications at room temperature. Finally, an 
increasingly important role of liquid metal EGaIn NPs in stretchable electronic devices and 
mechanics34 opens up opportunities to further integrate plasmonics with electronics, 
optomechanics and electrochemistry36 at the nanoscale . 
Acknowledgements 
This work was supported by Australian Research Council (ARC) through its Centre of 
Excellence for Nanoscale BioPhotonics (CE140100003), LIEF program 
(LE160100051) and Future Fellowship (FT1600357). This research was undertaken on 
the NCI National Facility in Canberra, Australia, which is supported by the Australian 
Commonwealth Government. P.R. acknowledges funding through the RMIT Vice 
Chancellor’s Research Fellowship. The authors acknowledge the support of the Ian 
Potter Foundation in establishing the Ian Potter NanoBioSensing Facility at RMIT 
University, where the UV-Vis absorption spectroscopy was carried out. Y.L. and 
M.D.D. acknowledge funding from the National Science Foundation through the 
Research Triangle MRSEC (DMR-1121107). The authors acknowledge use of the 
Analytical Instrumentation Facility (AIF) at North Carolina State University, which is 
supported by the State of North Carolina and the National Science Foundation (award 
number ECCS-1542015).  
 
		
9	
Author contribution statement 
I.M. performed all calculations and simulations. P.R. performed all optical experiments 
and prepared all graphs. Y.L. synthesized the investigated particles and performed 
electron microscopy analysis. P.R. and I.M. designed experiments and drafted the 
manuscript. All authors contributed to writing and revising the manuscript and 
contributed to analysing and interpreting the experimental results.  
Conflicts of interest 
All authors declare no conflict of interest. 
References 
1. Stockman, M. I. Nanoplasmonics: past, present, and glimpse into future. Opt. Express 
19, 2321–2327 (2011). 
2. Knight, M. W. et al. Aluminum for Plasmonics. ACS Nano 8, 834–840 (2014). 
3. Fedyanin, D. Y., Yakubovsky, D. I., Kirtaev, R. V & Volkov, V. S. Ultralow-Loss 
CMOS Copper Plasmonic Waveguides. Nano Lett. 16, 362−366 (2016). 
4. Langhammer, C., Yuan, Z., Zoric, I. & Kasemo, B. Plasmonic Properties of Supported 
Pt and Pd Nanostructures. Nano Lett. 6, 833–838 (2006). 
5. Maksymov, I. S. Reviews in Physics Magneto-plasmonic nanoantennas : Basics and 
applications. Rev. Phys. 1, 36–51 (2016). 
6. Liu, N., Tang, M. L., Hentschel, M., Giessen, H. & Alivisatos, A. P. Nanoantenna-
enhanced gas sensing in a single tailored nanofocus. Nat. Mater. 10, 631 (2011). 
7. Maksymov, I. S. Magneto-Plasmonics and Resonant Interaction of Light with Dynamic 
Magnetisation in Metallic and All-Magneto-Dielectric Nanostructures. Nanomaterials 
5, 577–613 (2015). 
8. Wu, P. C. et al. Real-time plasmon resonance tuning of liquid Ga nanoparticles by in 
situ spectroscopic ellipsometry. Appl. Phys. Lett. 9, 103119 (2007). 
9. Sanz, J. M. et al. UV Plasmonic Behavior of Various Metal Nanoparticles in the Near- 
		
10	
and Far-Field Regimes: Geometry and Substrate Effects. J. Phys. Chem. C 117, 
19606−19615 (2013). 
10. McMahon, J. M., Schatz, G. C. & Gray, S. K. Plasmonics in the ultraviolet with the 
poor metals Al, Ga, In, Sn, Tl, Pb, and Bi. Phys. Chem. Chem. Phys. 15, 5415–5423 
(2013). 
11. Naik, G. V, Shalaev, V. M. & Boltasseva, A. Alternative Plasmonic Materials : Beyond 
Gold and Silver. Adv. Mater. 25, 3264–3294 (2013). 
12. Yang, Y. et al. Ultraviolet–Visible Plasmonic Properties of Gallium Nanoparticles 
Investigated by Variable-Angle Spectroscopic and Mueller Matrix Ellipsometry. ACS 
Photonics 1, 582–589 (2014). 
13. Knight, M. W. et al. Gallium Plasmonics: Deep Subwavelength Spectroscopic Imaging 
of Single and Interacting Gallium Nanoparticles. ACS Nano 9, 2049–2060 (2015). 
14. Toudert, J. & Serna, R. Ultraviolet-visible interband plasmonics with p-block elements. 
Opt. Mater. Express 6, 2434–2447 (2016). 
15. Zhang, T. et al. Gallium platinum alloys - a new material system for UV plasmonics. 
Opt. Mater. Express 7, 2880–2887 (2017). 
16. Palomares, F. J., Nucciarelli, F. & Pau, J. L. Tunable plasmonic resonance of gallium 
nanoparticles by thermal oxidation at low temperatures. Nanotechnology 28, 405705 
(2017). 
17. Cuadrado, A., Toudert, J. & Serna, R. Polaritonic-to-Plasmonic Transition in Optically 
Resonant Bismuth Nanospheres for High-Contrast Switchable Ultraviolet Meta-Filters. 
IEEE Photonics J. 8, 1–11 (2016). 
18. Appusamy, K., Blair, S., Nahata, A. & Guruswamy, S. Low-loss magnesium films for 
plasmonics. Mater. Sci. Eng. B 181, 77–85 (2014). 
19. Alcaraz de la Osa, R. et al. Rhodium Tripod Stars for UV Plasmonics. J. Phys. Chem. 
		
11	
C 119, 12572–12580 (2015). 
20. Watson, A. M. et al. Rhodium Nanoparticles for Ultraviolet Plasmonics. Nano Lett. 15, 
1095−1100 (2015). 
21. Morales, D., Stoute, N. A., Yu, Z., Aspnes, D. E. & Dickey, M. D. Liquid gallium and 
the eutectic gallium indium (EGaIn) alloy: Dielectric functions from 1.24 to 3.1 eV by 
electrochemical reduction of surface oxides. Appl. Phys. Lett. 109, 091905 (2016). 
22. Lu, Y. et al. Transformable liquid-metal nanomedicine. Nat. Commun. 6, 1–10 (2015). 
23. Marín, A. G. et al. Gallium plasmonic nanoparticles for label-free DNA and single 
nucleotide polymorphism sensing. Nanoscale 8, 9842–9851 (2016). 
24. Strobbia, P. & Cullum, B. M. Recent advances in plasmonic nanostructures for 
sensing : a review. SPIE Opt. Eng. 54, 100902 (2015). 
25. Nucciarelli, F. et al. High Ultraviolet Absorption in Colloidal Gallium Nanoparticles 
Prepared from Thermal Evaporation. Nanomaterials 7, 172 (2017). 
26. Wang, B. et al. Intravascular Photoacoustic Imaging. IEEE J. Quantum Electron. 16, 
588—599 (2010). 
27. Fatakdawala, H. et al. Fluorescence Lifetime Imaging Combined with Conventional 
Intravascular Ultrasound for Enhanced Assessment of Atherosclerotic Plaques : an Ex 
Vivo Study in Human Coronary Arteries. J. Cardiovasc. Trans. Res 8, 253–263 (2015). 
28. Bourantas, C. V. et al. Hybrid intravascular imaging: recent advances , technical 
considerations , and current applications in the study of plaque pathophysiology. Eur. 
Heart J. 38, 400–412 (2017). 
29. Lin, Y., Liu, Y., Genzer, J. & Dickey, M. D. Shape-transformable liquid metal 
nanoparticles in aqueous solution. Chem. Sci. 8, 3832–3837 (2017). 
30. Moskalyk, R. R. Gallium : the backbone of the electronics industry. Miner. Engineeing 
16, 921–929 (2003). 
		
12	
31. Losurdo, M., Suvorova, A., Rubanov, S., Hingerl, K. & Brown, A. S. Thermally stable 
coexistence of liquid and solid phases in gallium nanoparticles. Nat. Mater. 15, 995 
(2016). 
32. Morley, N. B., Burris, J., Cadwallader, L. C. & Nornberg, M. D. GaInSn usage in the 
research laboratory. Rev. Sci. Instrum. 79, 056107 (2008). 
33. Dickey, B. M. D. et al. Eutectic Gallium-Indium (EGaIn): A Liquid Metal Alloy for 
the Formation of Stable Structures in Microchannels at Room Temperature. Adv. 
Funct. Mater. 18, 1097–1104 (2008). 
34. Lear, T. R. et al. Liquid metal particle popping: Macroscale to nanoscale. Extrem. 
Mech. Lett. 13, 126–134 (2017). 
35. Maksymov, I. S. & Greentree, A. D. Dynamically reconfigurable plasmon resonances 
enabled by capillary oscillations of liquid-metal nanodroplets. Phys. Rev. A 96, 43829 
(2017). 
36. Yu, Z. et al. Discovery of a Voltage-Stimulated Heartbeat Effect in Droplets of Liquid 
Gallium. Phys. Rev. Lett. 121, 24302 (2018). 
37. Thelen, J., Dickey, M. D. & Ward, T. A study of the production and reversible stability 
of EGaIn liquid metal microspheres using flow focusing. Lab Chip 12, 3961 (2012). 
38. Friedel, R. A. & Orchin, M. Ultraviolet spectra of aromatic compounds. (Wiley, 1951). 
39. Yguerabide, J. & Yguerabide, E. E. Light-Scattering Submicroscopic Particles as 
Highly Fluorescent Analogs and Their Use as Tracer Labels in Clinical and Biological 
Applications. Anal. Biochem. 262, 137–156 (1998). 
40. Bohren, C. F. & Huffman, D. R. Absorption and Scattering of Light by Small Particles. 
(WILEY-VCH Verlag, 1983). 
41. Sani, E. & Dell’Oro, A. Spectral optical constants of ethanol and isopropanol from 
ultraviolet to far infrared. Opt. Mater. 60, 137–141 (2016). 
		
13	
42. Akashev, L. a. & Kononenko, V. I. Optical properties of liquid gallium-indium alloy. 
Tech. Phys. 43, 853–854 (1998). 
43. Wei, H., Reyes-Coronado, A., Nordlander, P., Aizpurua, J. & Xu, H. Multipolar 
Plasmon Resonances in Individual Ag Nanorice. ACS Nano 4, 2649–2654 (2010). 
44. Maksymov, I. S. & Greentree, A. D. Synthesis of discrete phase-coherent optical 
spectra from nonlinear ultrasound. Opt. Express 25, 7496–7506 (2017). 
45. Aouani, H. et al. Crucial Role of the Adhesion Layer on the Plasmonic Fluorescence 
Enhancement. ACS Nano 3, 2043–2048 (2009). 
46. Maksymov, I. S. et al. Metal-Coated Nanocylinder Cavity for Broadband Nonclassical 
Light Emission. Phys. Rev. Lett. 105, 180502 (2010). 
 
